These findings may have implications for all specialties caring for patients on several wards, and we believe they justify a prospective trial to further assess this effect.
Fractures of the proximal femur are a common and profound cause of morbidity and mortality, and pose a great challenge to both healthcare services and patients. More than 80 000 fractures of the proximal femur are sustained in the United Kingdom each year, with a 30-day mortality of approximately 10% to 12.5%, significant post-operative morbidity and profound implications for function and quality of life. [1] [2] [3] [4] [5] [6] [7] In the United Kingdom each fracture results in an average hospital stay of 13 to 28 days 8 and costs £12 000 to £15 000, with a cumulative annual cost of £1.8 billion. 9 As the population continues to age, the incidence of such fractures is expected to increase. 9 Numerous factors have been shown to be associated with adverse outcomes. Patient factors include age, male gender, 2, 10, 11 comorbidities, residential status and cognitive state. 12 The system of care also affects outcome: a longer delay to surgery increases mortality, 2, [13] [14] [15] whereas orthogeriatric cocare can reduce mortality. 16 A number of models of care have been proposed for these patients, but in the United Kingdom most patients still receive traditional orthopaedic management. Medically, patients are managed by an orthopaedic team, comprising a consultant, a registrar, a senior house officer and a junior house officer, with patients often spread across several wards. This may make efficient and timely medical management difficult.
A number of studies have assessed combined orthopaedic and physician models of care in various permutations, with differing results. [16] [17] [18] [19] In 2005, postgraduate training in the United Kingdom saw the expansion of generic training from one year (junior house officer) to two years (Foundation Year 1 and Foundation Year 2). 20 Foundation Year 2 doctors, however, remained at the same grade as surgical trainees (senior house officers). No studies have assessed the effect of altering the allocation of junior or Foundation doctors from surgical teams covering several wards to a smaller number of doctors covering individual wards for a number of surgical teams. We describe such a model. This retrospective observational study was designed to assess its impact on the outcomes after fractures of the proximal femur.
Materials and Methods
In December 2008 our unit adopted a new structure for the allocation of junior doctors following the observation that ward staff spent considerable time paging junior doctors, and junior doctors spent considerable time answering pages. The original model consisted of a traditional teambased model, comprising a consultant with a named registrar, a senior house officer (either Foundation Year 2 or Specialist/Core Trainee 1 or 2) and a Foundation Year 1, with their patients distributed across three trauma, two elective orthopaedic and occasional outlying wards. In the new model, the foundation doctors were redistributed, with each ward allocated a dedicated Foundation Year 1 and Year 2 doctor responsible for basic management of the ward, and the remaining senior house officers (Specialist/ Core trainees 1 and 2) allocated among the consultant firms. Each consultant also retained their named registrar. Foundation Year 2 doctors remained on the senior house officer on-call rota.
During the study period, no alterations in shift patterns, contracted hours, number of doctors or out-of-hours cover were made. In the last six months of the study, a clinical support worker was available overnight for tasks such as phlebotomy. There were no other changes in the standard management of the patients, including the regimens for prophylactic antibiotics and thromboprophylaxis. The availability of routine operating lists for trauma and dedicated to proximal femoral fractures remained. There were no alterations in anaesthetic availability or practice. There was no formal orthogeriatric service and acute medical problems were treated by the on-call medical team.
We retrospectively analysed prospectively collected data to assess whether this new model of care affected the outcome of patients with a fracture of the proximal femur. All members of the medical, nursing and audit staff were unaware that a study would be undertaken. Data were collected from an anonymous and confidential department database for all consecutive patients admitted with such a fracture during the 12 months before and after the change in model. Since 1999 all such patients have been entered into this database, with prospective collection of physiological and surgical data from hospital notes, computer systems and patients by dedicated audit officers. Postoperative complications are recorded, as is 30-day mortality, which is cross-checked at hospital and national level with the Office of National Statistics. Anomalous and unexpected values are rechecked manually. Internal checks demonstrate an error rate of < 3%.
The factors that influence outcome in fractures of the proximal femur are listed in Table I . 2, 4, [10] [11] [12] [13] [21] [22] [23] Comorbidities were defined as pre-existing and previously diagnosed conditions. Notably, an elevated blood urea was not sufficient for a diagnosis of renal disease and malignancy was defined as an active malignancy within the preceding 20 years, excluding non-invasive skin cancer. Whether a patient underwent an operation or not was not included due to its interdependence on other variables and outcomes. The cause of death was that recorded on the death certificate.
The outcome measures recorded were 30-day mortality, the cause of death, the length of stay, delay to operation, and post-operative complications as diagnosed and documented. These included chest infection, cardiac failure, deep-vein thrombosis, pulmonary embolism, superficial wound infection, deep wound infection, Clostridium difficile colitis (as evidenced by symptoms meeting local diagnostic criteria plus a positive toxin assay), wound haematoma, urinary track infection, gastrointestinal haemorrhage, myocardial infarction, stroke, peri-prosthetic fracture, prosthetic dislocation, and removal of the prosthesis. Statistical analysis. Data were analysed using SPSS version 17.0.0 (SPSS Inc., Chicago, Illinois). Parametric data were confirmed with the Kolmogorov-Smirnov test and analysed with an independent t-test. Non-parametric data were analysed with Pearson's chi-squared, Fisher's exact or Wilcoxon's signed-ranks test as appropriate. The 30-day mortality was analysed with Cox's proportional hazards regression analysis. A p-value < 0.05 was considered significant.
Results
Over the 24-month period 1578 consecutive patients were admitted with a fracture of the proximal femur. Of these, 766 were admitted under the original team-based system and 812 under the new ward-based arrangement. There were no significant differences in the demographics, comorbidities, fracture patterns and delay to operation between the two groups (Table I) , with the exception that chronic obstructive pulmonary disease was present in fewer patients in the wardbased group (18.7% vs 14.5%, p = 0.027). Mortality. The 30-day mortality was significantly lower in the ward-based than in the team-based group, with 62 deaths (7.6%) compared with 90 (11.7%; p = 0.007). This reduction of 4.1% represents 33 patients surviving in the year after the intervention, compared with the mortality rate observed in the previous year. Adjustment for confounding variables such as the prevalence of chronic obstructive pulmonary disease with Cox's proportional hazards regression generated an odds ratio of 1.56 (95% confidence interval (CI) 1.13 to 2.16). This was also associated with a reduced coefficient of variation month by month (47.5 vs 29.5; p = 0.031). Subgroup analysis within the ward-based group, of the six months before and the six months after the introduction of overnight phlebotomy, demonstrated no differences in mortality (7.5% vs 7.8%, p = 0.84; odds ratio 0.959 (CI 0.577 to 1.561)) or coefficient of variation (29.59 and 31.87, respectively, p = 0.76). There were no significant differences in the causes of death (Table II) . Post-operative complications. Significant reductions were seen in the incidence of deep wound infection (from 1.5% to 0.5%; p = 0.043), Clostridium difficile colitis (1.6% to 0.5%; p = 0.017) and gastrointestinal haemorrhage (1.2% to 0.2%; p = 0.033). There were no significant differences in other post-operative complications or length of stay, with the exception of wound haematomas, which increased from 0.2% to 2.0% in the ward-based group, p = 0.007 (Table III) .
Discussion
Our study identified a statistically significant and clinically relevant reduction in mortality from 11.7% to 7.6% in patients with proximal femoral fracture managed under a ward-based system of junior doctors, compared to a traditional team-based system. Adjusted for confounding variables, the odds ratio of this effect was 1.56 (CI 1.13 to 2.16). There was an associated reduction in post-operative morbidity, with a lesser incidence of Clostridium difficile colitis, deep wound infection and gastrointestinal haemorrhage. We did not, however, find any significant variation in causes of death or other post-operative complications, the time to operation and the length of stay; indeed these patients were more likely to be diagnosed with a wound haematoma. Our unit has data on mortality from the previous ten years, with a mean of 9.90% (SD 1.32). Prior to intervention, mortality had increased for three successive years. This suggests that the data from the year prior to the intervention was representative of the unit and not raised artefactually. Although there has been great interest in alternative models to traditional orthopaedic care, these have largely focused on combined care by orthopaedic surgeons and specialist physicians. This is the first study to assess the reallocation of non-specialist junior orthopaedic doctors, an intervention which can be achieved with no additional resources.
Because fractures of the proximal femur are such a common cause of morbidity, mortality and expenditure of money and resources, there has been extensive research into risk factors for adverse outcomes. With an ageing population, the potential to modify these is enticing. However, due to the unpredictable and emergent presentation of hip fractures the majority cannot be altered, being either demographic, established comorbidities or fracture fractors. 13, 24 Research has therefore focused on the management following admission, minimising the delay to surgery, 2, [13] [14] [15] 25 which has been expedited following national guidelines. Other institutional interventions include the use of dedicated trauma theatres 27, 28 and improved nutrition. 29 The population at risk for proximal femoral fracture is typically elderly with numerous comorbidities, and is prone to developing new or acute-on-chronic medical problems. Consequently, attempts have been made to provide alternative models to traditional orthopaedic care. These comprise various permutations of nurse and multidisciplinary liason services, 30 ,31 orthogeriatric care with medical problems managed daily by a specialist physician in elderly medicine, 16, 17, 19, 32, 33 early discharge with increased community support, [34] [35] [36] [37] postoperative transfer to a geriatric ward, 38 and a combined approach incorporating the above. 18 The outcomes have been variable, with some studies reporting success, 16, [30] [31] [32] 38 and others finding no benefit. 17, 19, 33 A recent Cochrane Review into such coordinated multidisciplinary approaches concluded that there was a non-significant trend towards improvement. 39 In those studies finding benefit, improvements were attributed to a reduction in post-operative complications such as sepsis, acute coronary syndrome and venous thromboembolism, each a major risk factor for mortality, 4 albeit not associated with a shorter hospital stay. 16 This reduction in complications is in turn thought to be due to more proactive and reactive medical management. 16 As far as we are aware, our study is the first to assess the reallocation of non-specialist orthopaedic junior doctors. In 2005 the Foundation Programme was set up in the United Kingdom, increasing the period of generic training prior to commencing specialist training from one to two years (Foundation Years 1 and 2). 20 Foundation Years 1 and 2 consist of generic rotations through medical and surgical specialties, with the intention of improving baseline competencies. Consequently, surgical specialties now receive junior doctors (Foundation Year 2) at senior house officer level whose career interests are non-surgical, potentially a useful resource.
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The decrease in mortality we found correlated only with a reduction in three relatively uncommon post-operative complications, namely Clostridium difficile colitis, deep wound infection and gastrointestinal haemorrhage. With complications strongly predicting mortality, 4 our reduction might be expected to be associated with a decrease in the most common complications. Although this may be due to a trend in reduction not reaching significance, it is also possible that the greater medical observation and contact time potentially afforded by ward-based doctors resulted in better rates of detection of complications, thereby masking any overall reduction. 10 However, in line with other studies, our reduction in mortality was not associated with a shorter length of stay, 16 which in itself may represent this closer medical management. There was no reduction in delay to operation.
With these findings in mind, we suggest that the reduction in mortality represents the cumulative effect of greater, more accessible and more efficient medical contact by dedicated ward-based doctors, free of other mandatory responsibilities such as operating, clinics and pre-operative assessment, resulting in more comprehensive and timely medical management. Although it could be argued that the 
presence of junior doctors less inclined to a surgical career might result in an increase in some post-operative surgical complications, we found only an increase in wound haematomas, a complication probably incurred at the time of operation. It is uncertain whether this represents a genuine effect, or better reporting of complications. As this was a retrospective observational study, our results are limited by its design and the lack of control for confounding factors. Although we were unable to identify any other change in care that might have altered mortality, there could be such a factor that we were unable to measure or which has yet to be identified. The only such putative factor was the introduction of a phlebotomy service overnight during the last six months of the study. However, outof-hours care continued to be provided only by an orthopaedic senior house officer and registrar. Subgroup analysis of our ward-based group, before and after this change, demonstrated no change in mortality.
We were able to ascertain the cause of death in threequarters of cases, but the remainder were unknown. Although all in-hospital deaths were coroner's cases, very few post mortem examinations were performed, and therefore the cause of death would be based on clinical likelihood. Statistically, the relative proportions of each cause of death did not change, which may indicate either that the beneficial effect of ward-based management resulted in fewer deaths from each cause, with the proportions therefore remaining constant, or that the power of the study and the one-quarter of unknown causes of death did not permit trends to reach statistical significance. A more comprehensive and accurate knowledge of causes of death would help elucidate the precise effect afforded by a ward-based model of care, as would other factors such as the response time of doctors called to review patients, the number of requests for specialist medical opinions and the time spent managing patients medically.
We were unable to assess factors previously shown to be associated with improved outcome, such as thromboprophylaxis, 16 although we found no reduction in the incidence of, and deaths from, pulmonary embolism. Although our database afforded comprehensive information regarding comorbidities, we were unable to distinguish between chronic stable conditions and acute exacerbations, nor to stratify the severity of such conditions by means of, for example echocardiographic and symptomatic assessment of cardiac failure, and spirometry and exercise tolerance for chronic obstructive pulmonary disease. However, use of the Nottingham Hip Fracture Score 12 in preference to other less specific predictors of mortality such as the ASA grade and POSSUM, 40, 41 represents a validated and accurate control of overall physiological status.
Direct comparison with alternative models of care is difficult, owing to the heterogeneity of patient groups, outcome measures and national patterns of healthcare provision. 39 However, one potential drawback of some models is the devolution of junior orthopaedic doctors from the medical management of their patients, a crucial educational component of surgical training. By merely reallocating junior doctors more efficiently within the department, rather than replacing their roles with medical or nursing specialists, our model may help to preserve these aspects of training. Further research should help assess and directly compare the efficacy of this with other models, and its educational impact. The advent of the national hip fracture database represents an exciting potential source of such work. It must also be stressed that whereas trauma and orthopaedic surgery is largely alone in trialing alternative models of care, our findings may have implications for all surgical and medical specialties caring for patients across several wards. The reallocation of non-specialist junior doctors from individual teams covering several wards to pairs of doctors covering individual wards was found to be associated with a reduction in mortality from proximal femoral fracture. The study design which was employed has many limitations, and so precludes both definitive conclusion and attribution of causality. However, the reduction in mortality observed was substantial and highly significant. We believe that this justifies the development of a prospective study to further evaluate the effect of this model of orthopaedic care.
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